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(57) Abstract 



The subject disclosure concerns Bacillus thurtngiensis strains which can be used to control lepidopteran pests. The strains 
were previously known to control coleopteran pests. The discovery of lepidopteran activity was totally unexpected. These B.t. 
strains can be formulated using standard lepidopteran formulation procedures. Means of administration are also standard. The 
genes encoding lepidopteran-active toxins can be isolated from the B.L isolates and used to transform other microbes or plants 
for use to control lepidopteran pests. 
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PROCESS FOP *vwrn»« 1 INfi T.PPTPOPTERAN PESTS 



rmss-Reference to Pef ated Applications 
This application is a continuation-in-part of co-pending U.S. application Serial No. 
07/758^20, filed September 12, 1991, which is a condntiatton-in-part of co-pending US. 
application Serial No. 07/642,112, filed January 16, 1991, now abandoned. Serial No. 07/758,020 
is also a continuation-in-part of US. application Serial Na 07/658^5, filed February 21, 1991. 



Background of the Invention 
The soninicrobe Jtocflfos thuringiensis (fit) is a Gram-positive, spore-forming bacterium 
characterized by parasporal crystalline protein inclusions. These often appear microscopically as 
distinctively shaped crystals. The proteins are highly trade to pests and specific in their activity. 

15 The toxin genes have been isolated and sequenced, and recombinant DNA-based fit products 

produced and approved. In addition, with the use of genetic engineering techniques, new 
approaches for delivering At endotoxins to agricultural environments are under development, 
including the use of plants genetically engineered with endotoxin genes for insect resistance and 
the use of stabilized intact microbial cells as fit endotoxin delivery vehicles (Gaertner, FJL, L 

20 Kim [1988] 1WTECH &S4-S7). Urns, isolated fit endotoxin genes are becoming commercially 

valuable. 

Bacillus thuringiensis produces a proteiiiaceous paraspore or crystal which is toxic upon 
ingestion by a susceptible insect host. Over the past 30 years, coinmercM use of fit pesticides 
has been largely restricted to a narrow range of kpidopteran (caterpillar) pests. Preparations of 
25 the spores and crystals of fi thuringiensis subsp. kurstald have been used ior many years as 

commercial insecticides for kmidopteran pests. Vat example, fi riuirihgfewfr var. htntald HD-1 
produces a crystal called a delta endotoxin which is toxic to the larvae of a number of 
lepidopteran insects. 

In recent years, however, investigators have discovered fit pesticides with specificities for 
30 a much broader range of pests. For example, other species of fit, namely isradensis and son diego 
(aia. fit tenebrionis, aJta. M-7), have been used commercially to control insects of the orders 
Diptera and Coleoptera, respectively (Gaertner, EJL [19891 -Cellular Delivery Systems for 
Insecticidal Proteins: Living and Non-Living Microorganisms,'' in Controlled Delivery of Crop 
Protection Agents, RAL Wffltins. ed, Taylor and Francis, New York and London, 1990, pp. 245- 
35 255). See also Couch, TJ_ (1980) "Mosquito Pathogenichy of Bacillus thurmgimsis var. 

israelavdsr Developments in Industrial Microbiology 22*1-76; Beegte, CO, (1978) "Use of 
Entomogenous Bacteria in Agroecosystems," Developments m Industrial Micrxrbiotogy 2037-104. 
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Exits, A, AM. Huger, OA Langenbruch, W. Schnetter (1983) Z.ang.EnL 9&500-508, describe 
q Jtr tonlntr wmnfr *fc™*<ffW» «■ tmAriemls. which fa repottedty active against two 

beetles in the order Coleoptera. Tluse are the Colorado potato*^ 

and.4getosacfl flM 
5 Recently, many new subspecies of &t haw 

for active a^dotoxto proteins haw been isolated (HOfte, H, KR. Whiteley [1989] 
Jficrtrttoft^JtewH* 5202)342,255). HofteandWhiteleycJa^ 

into 14 distinct genes, grouped into 4 major classes based on ammo-arid sequence and host range. 

The classes wen: Cryl (Lepidoptera-spedfic), QyH (Lepidoptera- and Dfineta-spedfic), CryHI 
10 (Colcoptera-sperific^and CrylV (Dnitenwpecific). The dfeooveryof strains spedficafly toxic to 

protozoan pathogens, animal-parasitic liver flukes (Trematoda), or mites (Acari) has broadened 

the potential At product spectrum w» further. With activities against unique targets, these 

novel strains retain ti^verynigh btotogical specificity; nontatget organisms remain unaffected. 

TheavaflattBiyofalarge 
15 nse strategics thai minimize the risk that .Rt-resistant pests win arise. 

The donmg and expression of a 

toaibed to the polished 1^ 

K£47&2893-2897> US. Patent 4,448,885 and UA Patent 4*!7,036 both disctase the expression 
of fit crystal protein to KeotL UA Patent 4,853^1 <Ifcctam A «^ 
20 (aia. At tenebrionk, aia. M-7) which can be used to control coteopteran pests in various 
environments. UA Patent No. 4^9,217 discloses ftie^ 

ahulfa weevfl. One of the isolates disclosed is A dstringfemis PS86A1 (NRRL B-18400). 

Bitrf gmjmgg flj the Invention 
25 The subject invention concerns a novel process for controlling lepidopteran pests. This 

process results torn the unexpect^ 

actn^againstfcm^pterattpests,^ This discovery 

^partfortat^surprisin^ 

VK.tenebrioms (Kriegee^snpm) (heietaafterrefaned W^^ 

30 Moiespecificalfclliesubje^ 

and/or toefrnadns, to control lepidopteran pests. SpecificAt ndcrol»esuseM according to the 
invention are At PS86A1, At PS50C, and At PS43F. Further, the subject invention also 
includes the use of variants of the Rt isolates of the invention which have substantially the same 
iepitopteran-active p^ Procednres for making 

35 mutants are well known in the microbiological art. Utaaviofetligtoandnit^ 
extensively toward this end. 
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The subject invention also includes the use of ga.es from ^JUbototesof the tavemkm 
which genes encode the lepidopteran-active toxins. 

Stfll farther, the invention also Includes the treatment of substantially intact Bx cells, 
and recombinant cells containing the genes of the invention, to prolong the lepidopteran activity 
5 when the substantially intact cells are applied to the environment of a target pest. Such treatment 
can be by cheniical or physical means, oracombinati^ 

as the technique does not deleteriousfy affect the properties of the pesticide, nor diminish the 
cellular capability in protecting the pesticide. The treated ceU acts as a protective coating for t^ 
pestiddal toxin. The toxin becomes available to act as such upon ingestion by a target insect 
10 Finally, the subject invention further concerns plants which have been transformed with 

genes Tu™t™g lepidopteran-active toxins. 



r^rf TWrrption of the Sequences 
SEQ ID NO. 1 is the nucleotide sequence (open reading frame only) of the gene 

15 designated 50C 

SEQ ID NO. 2 is the predicted amino acid sequence of the toxin 50C. 

SEQ m NO. 3 is the composite nucleotide and amino add sequences of the gene 

designated 43F. 

SEQ ID NO. 4 is the predicted amino acid sequence of the toxin 43F. 
20 SEQ ID NO. 5 is the nucleotide sequence (open reading frame only) of the gene 

designated 86A1. 

SEQ ID NO. 6 is the predicted amino acid sequence of the toxin 86A1. 
SEQ m NO- 7 is an oligonucleotide probe designated 86A1-A 

25 petailed Disclosure of the Invention 

The BacOius thumigfensis isolates useful according to the subject invention have the 
following characteristics in their biologically pure form: 
CSsBBaSgg fr f At PS50C 

Colony morphology-Large colony, dull surface, typical Rt 
30 Vegetative cell morphology-typical Rt 

Culture methods— typical for Rt 

Flagellar serotyping-PS50C belongs to serotype 18, kumamotoensis- 
Crystal morphology-a sphere. 

RFLP analysis-Southern hybridization of total DNA distinguishes Rt PS50C from 
35 Rt&d. and other fix isolates. 

AlkaH-soluble protcins-SDS poryacryiaimde gel electrophoresis (SDS-PAGE) shows a 
130 KDa doublet protein. 
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Ttedunacteri^ofJ^ 
..-^^.M.Mn However, tbese isolates 

dfltejsho^^^ 

Bx PS43F & disclosed in US* Patent 4£?6",t55. 

* tlie ctoc^ 



10 



15 



Table 1. Comparison 

Jtx PS5QC 

indnstons; 



Approximate 
molecular wt. 
of proteins liy 
SDS-P AGE (kDa) 

Serotype 



ntm PS50C Rt PS86Al,At PS4 3R&U fM-7) and At HD-1 

Rt PS43F At HD-1 M-7 



130,000 
doublet 



&t PS86A I 

Multiple 
attached 



58,000 
45,000 



Hat, pointed, Bipyramid Hat square 
ellipse, plus 



fncfasions 

75,000 
68,000 
61,000 



knmamotoeiisis wnhenensis tcriworthi 



130,000 
68,000 



kmstakf 



72^00 
64,000 



morrisoni 



20 



25 



30 



35 



Bx isolates useful according to 
are recombinant microbes aoan^^^Bx.t^^^>^ sX - 



6 m*** 1 " Nnmber 



£L caff NM522(pMYC1638) 
BacfUus tfruringiaixis PS86A1 
JSL cofi NM522(pMYC2320) 
Bacillus thuringiaisis PS43F 
£ caff XLl-BIue (pMl£8-4) 



NRRLB-18746 
NRRL B-18751 
NRRLB-18400 
NRRLB-18769 
NRRL B-18298 
NRRLB-18291 



January 9, 1991 
January 11,1991 
August 16, 1988 
February 14, 1991 
February 2, 1988 
January 15, 1988 



^cultures ate on de^tm the per^ 
Laboratory, U.S. Department of Agriculture, Peoria, IL, USA- 

The subject cultures nave been deposited under conditions that assure that access to the 

cuta^^beavau^ 

Conuuissioner of Patents and Ttadetnarks to be entitled thereto under 37 CFR L14 and 35USC 
Yd. The deposits ate available air ta^ ^ * - * BB 
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counterparts of the subject application, or its progeny, are filed. However, it should be 
understood that the availability f a deposit does not constitute a license to practice the subject 
invention In derogation of patent rights granted by governmental action. 

Farther, the subject culture deposits will be stored and made available to the public in 

5 accord with the provisions of the Budapest Treaty for the Deposit of Microorganisms, Le, they 
wfll be stored with all the care necessary to keep them viable and uncontaminated for a period 
of at least five years after the most recent request for the furnishing of a sample of the deposit, 
and in any case, for a period of at least 30 (thirty) yearn after the date of deposit or for the 
enforceable life of any patent which may issue disclosing the cultures. The depositor 

10 acknowledges the duty to replace the deposits should the depository be unable to furnish a sample 
when requested, due to the condition of the deposits). All restrictions on the availability to the 
public of the subject culture deposits will be irrevocably removed upon the granting of a patent 
disclosing them. 

The lepidopteran toxin genes of the subject invention can be isolated by known 
15 procedures and can be betatron Expression of the 

toxin gene results, directly or indirectly, in the intracellular production and maintenance of the 
pesticide. With suitable hosts, eg., Pseudomonas, the microbes can be applied to the situs of 
lepidopteran insects where they will proliferate and be iiigested by the ms^ lleresultisa 
control of the unwanted insects. Alternatively, the microbe hosting the toxin gene can be treated 
20 under conditions that prolong the activity of the toxin produced in the cell. The treated cell then 
can be applied to the environment of target pcst(s). The resulting product retains the toxicnyof 
the At toxin. 

Where the Rt toxin gene is introduced via a suitable vector into a microbial host, and 
said host is applied to the environment to a living state, it is important that certain host microbes 

25 be used. Microorganism hosts are selected which are known to occupy the "phytosphere" 
(phyUoplane, pbyllosphere, rhizosphere, and/or rhizoplane) of one or more crops of interest. 
These microorganisms arc selected so as to be capable of successfully competing In the particular 
environment (crop and other insect habitats) with the wild-type microorganisms, provide fbrstable 
maintenance and expression of the gene expressing the polypeptide pesticide, and, desirably, 

30 provide for improved protection of the pesticide from environmental degradation and innervation 
A large number of microorganisms are known to inhabit the phyUoplane (the surface of 
the plant leaves) and/or the rhizosphere (the soil surrounding plant roots) of a wide variety of 
important crops. These im^ooiganismsiiidudeb Of particular interest 

are inicroorganisms, such as bacteria, e.g., genera Psaukmumas, ErwWa, SerraOa, Klebsiella, 

35 Xanthomas, Strepumtyces, Rtuzobium, Rhodopsaidomtmas, Methylophilius, Affcbaaamm, 

Acaobaaer, Lactobacillus, Aitbrobacter, Azotobacur, Leuconostoc, and Alcatigausr, fungi, 
particularly yeast, e-g. genera Saccharomyces, Ctypmcoccm, Buyveromyces, Sparoholomyces, 
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BhodotanJa, an&Aureobasidmrti. 
Pseudomanaa syringae, Pseudomanas jhtmacats, Senate manesca*. Acetobacter xySnum, 

meUoti, AJcaUgenes emropims, 9SS &AzauAacmv^a«d&, and phytosphere yeast species such as 
Rhodotomla mbra, R. gtutinis, & marina, B. aurantidca, Qyptocoecus albidus, C dighiens, C 
human, Saccharomyces tbsd, S. p&oriensts, & camsiae, Sponbolomyces rosews, S. odana, 
jE&vvera,^.*™^ Of particular interest are the pigmented 



Awidevarieiy ofwaysareavailableforia^ gene aqiressiiigtfae toxin into 

10 the nmaooTganfem host under conditions winch allow for stable ntflinfffliance and expression of 
thegene. c^canproriteforDmconstru^ 
tegulamrysigiialsiorejmressirc^ 

and a DNA sequence homologous with a sequence in the host organism, whereby integration will 
occur, and/or a replicatioa system which is fimctional in the host, whereby integration or stable 

X5 maintenance win occur. 

The transcriptional mitiatfon signals wfll include a promoter and a transactional 
initiation start site, hi some iustanoes, itmaybe desirable m provide for regulative ^JAalun 
ofmeiDmh,whereexpressionctfto "H* 
canteachievedwithoperatotsorare 

20 ofmductfon noon a change mtbephy^ For 
example, a temperature sensitive regulatory region may be employed, where the organisms may 
be grown up in die laboratory without expression of a toxin, but upon release into the 
envinnnnent, expression begins, (^techniques may mploy a spec^^ 
laboratory, which inhibits the expression of the toxin, where the nutrient medium in the 

25 envhoiiment allows for express^ 

site and an initiation codon wfll be present 

Various manipulations may be employed for enhancing the espre 
particularly by using an active promoter, as wefl as by employ^ 
stability of the messenger RNA, Thehniiatiraaml translatic^ 

30 stop codon(sX a terntinator region* and opn\mauy, a po^iadei^ation signaL 
In the diiectiom of transcript 
sequence, theconstruc* can involveihetranscrh«fonm^ 

viae the regulatory region may be either 5' or .3' of the promoter, the ribosomal binding site, 
themitiation codon, the structural gene having an open reading frame in phase with the iiiitiatton 
35 codon, flie stop codon(s), the poh^ulenylatottsignm sequence, if any,and the ttnninator region. 
This sequence as a double stnmd may oe u^ 

host, but wfll usually be hicinded with a DNA sequence invoking a marker, where the second 
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DNA sequence may be joined to the toxin expression construct during introduction of the DNA 
into the host 

By a marker is intended a structural gene which provides tor selection of those hosts 
which nave been modified or transformed. The marker wfll normally provide for selective 

5 advantage, for example, providing for biocide resistance, eg, resistance to antibiotics or heavy 
metals; complementation, so as to provide prototropy to an auxotrophic host, or the like. 
Preferably, complementation is employed, so that the modified host may not only be selected, but 
may also be competitive fotb£ field One or more markers may be employed in the development 
of the constructs, as well as for rnodlfying the host. The organisms may be further modified by 

10 providing for a competitive advantage against other wild-type inicroorganisms in the field. For 
example, genes expressing metal chelating agents, e-g. siderophores, maybe introduced into the 
host along with the structural gene expressing the toxin. In this manner, the enhanced expression 
of a sideropbore may provide for a competitive advantage for the toxin-producing host, so that 
it may eflectrvety compete with the wild-type microorganisms and stably occupy a niche in the 

15 environment. 

Where stable episomal maintenance or integration is desired, a plasmid wfll be employed 

which has a replication system which is functional to the bost. The replication system may be 

derived from the chromosome, an episomal element normally present in the host or a different 

host, or a replication system from a virus which is stable in the host. A large number of plasmids 
20 are available, such as P BR322, pACYC184, RSF1010, pRQ1614, and the like. See for example, 

Obonerat (1982) /. Bacterial 15(h6069, and Bagdasarian a al (1981) Gene 1&237, and VS. 

Patent Nos. 4,356270, 4,362*17, and 4371,625. 

Where no functional replication system is present, the construct wfll also include a 

sequence of at least 50 basepairs (bp), preferably at least about 100 bp, and usually not more than 
25 about 1000 bp of a sequence homologous with a sequence in the host In this way, the probability 

of legitimate recombination is enhanced, so that the gene wfll be integrated into the host and 

stably maintained by the host. Desirably, the toxin gene will be in close proximity to the gene 

providing for complementation as well as the gene providing for the competitive advantage. 

Therefore, in the event that a toxin gene is lost, the resulting organism wfll be likely to also lose 
30 the complementing gene and/or the gene providing for the competitive advamage, so that it will 

be unable to compete in the environment with the gene retaining the intact construct. 

A large number of transcriptional regulatory regions are available from a wide variety of 

microorganism hosts, such as bacteria, bacteriophage, cyanobacteria, algae, fungi, and the tike. 

Various transcriptional regulatory regions include the regions associated with the trp gene, lac 
35 gene, gal gene, the lambda left and right promoters, the tac promoter, and the naturally-occurring 

promoters associated with the toxin gene, where functional to the host See for example, US. 

Patent Nos. 4332*98, 4342*32 and 4356370. The termination region may be the termination 
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OT notmalIyassocia^^ 
Mtiatfoa region, so long as d» two regions are compatible and functional m ^ *~ 
Jlg^ambeintroduc^b^^ 

^.rory control of tbe initial region. This .Ml can be Included ia a plasnffd. whK* 
eo^Hlle at least one replication system, bat may include more man one, wbereone 

1!^^ is necessary ^^J^^T 
ZTmayhe^ Where mtegt^ ladled, me 

p^^o^lymchtfeaseo^^^ 

^^^^The transfbrmanis can be isolated in accordance with eonventtanal ways, nsnally 
enmloying.selecffon^ 

tested for pesticidal activity. 

slhie best ceHs, where me pestidde^ntaimng cells wffl be treated to prolong the 

p^maymdudeeitb^^ 

whiehprZTsubstanc^ 
mele^ofappffcauons^^^ 

1 ^ of Particular buerest wDl be the protaryotes and the lower en^yotes, such as mng, 

****** J** — * - BaciUaceae; Blnzobiceae, su*a. 

Rhiaibiumi spirfflaceae, such as pbombacterinm, Z>™~, ^ ^— » «"* 
^ SpWnn; I^obadllaceae; Pseudomonadaceae, such as ^^Jt 
****** A^tobacteraceae and Nitrobactemceae. Among eukaryotes are fungi, sneb as 
Phycomycetes and Ascomyeetes, which includes yeast, such as Sacctonw* r and 
5^L^. and Basidiomycetes yeast, such as Itoa*^ 

xatber than in a spore form, although in some instances spores may be employed. 

Treatment of the microbial cell, e-g, a microbe containing the At leptdopteran toxin 
.-ocean be by chemical or physical ^ .*,—^*«»^ 
leans, so long as the technique does not ddetenons^ affect the properties of the » nor 

Esanmles ofcbemtcal ^tsaro 

^^^l^. — » Moropaxtb^^-be 
^ under mfld conditions and for sufficient time to achieve the desired results. Other suitable 
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techniques include treatment with aldehydes, such as formaldehyde and glutaraldehyde; anti- 
infectives, such as zephfran chloride and cetylpyridinium chloride; alcohols, such as isopropyl and 
ethanot,- various histologic fixatives, such as Bouin's fixative and Helr/s fixative (See: Humason, 
Gretchen L. [1967] Animal Tissue Techniques, W.H. Freeman and Company); or a combination 
5 of physical (heat) and chemical agents that preserve and prolong the activity of the toxin produced 

in the cell when the cell is administered to the host animal. Examples of physical means are short 
wavelength radiation such as gamma-radiation and X-radiation, freezing, UV irradiation* 

tyophflization* and the like. 

Hie cells generally will have mhan^ff structural stability which will enhance resistance 

10 to environmental conditions. Where the pestkade is in a preform, the method of inactivation 
should be selected so as not to inhibit processing of the preform to the mature form of the 
pestkade by the target pest pathogen. For example, formaldehyde will crosslink proteins and 
could inhibit processing of the preform of a polypeptide pesticide. The method of inactivation 
or killing retains at least a substantial portion of the bioavailability or tiioactivity of the toxin* 

15 characteristics of particular interest in selecting a host cell for purposes of production 

include ease of introducing the At gene into the host, availability of expression systems, efficiency 
of expression, stability of the pestkade in the host, and the presence of auxiliary genetic 
capabilities. Characteristics of interest for use as a pesticide microcapsule include protective 
qualities for the pesticide, such as thick cell walls, pigmentation, and intracellular p ack a ging or 

20 formation of inclusion bodies; leaf affinity; lack of mammalian toxicity; attractiveness to pests for 

ingestion; ease of killing and fixing without damage to the toxin; and the like. Other 
considerations include ease of formulation and handling, economics, storage stability, and the like. 

Host organisms of particular interest include yeast, such as Rhodotonda sp., 
Aureobasidxum sp, Saccharomyces sp., and Sporobolomyces sp4 phylloplane organisms such as 

25 Pseudomonas sp., Ermnia sp. and Flavobaaerium sp4 or such other organisms as Escherichia, 

Lactobacillus sp., BadUus sp, and the like. Specific organisms include Pseudomonas aeruginosa* 
Pseudomonas fluorescent Saccharomyces cerevisiae, Bacillus thuringiensis, Escherichia coU, BacUlus 
subtilis, and the like. 

The cellular host containing the At. lepidopteran gene may be grown in airy convenient 
30 nutrient medium, where the DNA construct provides a selective advantage, providing for a 
selective medium so that substantially all or all of the cells retain the Rt gene. These cells may 
then be harvested in accordance with conventional ways. Alternatively, the cells can be treated 
prior to harvesting. 

The Rt cells may be formulated in a variety of ways. Hiey may be employed as wettabie 
35 powders, granules or dusts, by mixing with various inert materials, such as inorganic minerals 
(phyllosOicates, carbonates, sulfates, phosphates, and the like) or botanical materials (powdered 
corncobs, rice hulls, walnut shells, and the like). The formulations may include spreader-sticker 
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^MHriMaaenis other pesticidal additives, or surfactants, liquid fbmulatknts may 
, stabilizing agents, oiner pcauwu-* 



10 



15 



20 



present torn least about l%uyweuuuaiiuiu^ , 

^ft-abom^^ 
te^^lW^**— W*^!^ ^^nnuiation^mg^ 
nHve^a^l^mabotrt^cen^g- These ibmtuations 
mgrtfqiJHlordryltolkgormoreperhectaia 

Tto formulations can be applied to tfte environment of the lepidopteraa pes** eg, 
plants, soil or water, by spraying, dusting, sprinkling, or tie like. 

snowing are examples *ftft ****** procedures, including the best mode, tor 
p.a^tbeinvetuforu These camples should not be construed as m^Mjmmm 
axe by weight and all solvent intone pl o P o«to«e1 iy ^intosofl^^ 



ates 



A Je^c"**^***^-** - " iooc-Ute the followmg 



medium, a peptone, glucose, salts medium. 

Bacto Peptone 7.50 grt 

Glucose tOOg/l 

3.40 g/1 
435 c/t 

-z— * 5.00 ml/i 

Salt Solution 

CaC^ Solution 5D0»i«l 
pH72 
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Salts Solution (100 ml) 

MgSC^'THjO 146 g 

MnS0 4 fl 2 0 a04g 

ZnS0 4 7H 2 0 028 g 

5 FeS0 4 -7H20 a40g 

CaQ 2 Solution (100 ml) 

Cad 2 2H 2 0 3^6 g 



10 The salts solution and CaG^ solution are filter-sterilized and added to the autoclaved and 

cooked broth at the time of inoculation. Flasks are incubated at 30°C on a rotaiy shaker at 200 
rpm for 64 hr. 

The above procedure can be readily scaled up to large tormentors by procedures wen 
known in the art 

IS The Rt spores and crystals, obtained in the above fermentation, can be isolated by 

procedures well known in the art A frequently-used procedure & to subject the harvested 
fermentation broth to separation techniques, eg., centrifugation. 

Example ? - <>"tifl P of a Toxin Gene from Rt Isolate PS50C 

20 Total cellular DNA was prepared from Bacillus tkurbtgiensis (Rt) cells grown to an 

optical density, at 600 nm, of L0. The cells were recovered by centrifugation and protoplasts were 
prepared in TES buffer (30 mM Tris-HO, 10 mM EDTA, 50 mM NaO, pH = 8.0) containing 
20% sucrose and 50 mg/ml fysozyme. The protoplasts were iysed by addition of SDS to a final 
concentration of 4%. The cellular material was precipitated overnight at 4°C in 100 mM (final 

25 concentration) neutral potassium chloride. The supernate was extracted twice with 

phenol/chloroform (1:1). Nucleic adds were precipitated with ethanol and DNA was purified by 
isopyenic banding on ^ B ^ n rn c hlori dCHBt hiiii oin ^f** mi | 1 ft gradients. 

Total cellular DNA from Rt subsp. kumamotoensis (Rt kum.), isolate PS50C, was 
digested with HimlUl and fractionated by electrophoresis on a 08% (w/v) agarose-TAE (50 mM 

30 Tris-Ha, 20 mM NaO Ac, 2.5 mM EDTA, pH « 8.0) buffered geL A Southern blot of the gel 

was hybridized with a [ 32 P]-radiolabeled oligonucleotide probe. Results showed that the 
hybridizing fragments of PS50C are approximately 12 kb and 1.7 leb in size, 

A library was constructed from PS50C total cellular DNA partially digested with Sau3A 
and size fractionated by gel electrophoresis. The 9-23 kb region of the gel was excised and the 

35 DNA was electroeluted and then concentrated using an Elutip-d™ ion exchange column 

(Schleicher and Schuel, Keene, NH). The isolated Sou3 A fragments were hgated into BamHL- 
digested LambdaGEM-11™ (PROMEGA). The packaged phage were plated on £. coli KW251 
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cells (PROMEGA) at a Mgh titer and screened using the radiolabeled ohgonndeotide probe. 
Hybridizing ptaque&wero purified and resaeeaed at a tower plaque densiiy. Single isolated, 
purified plaques that hybridized with the probe were used to infect £L cofi KW251 ceils in liquid 
cultra* for preparation of phag^^ DNAwas isolated by standard procedures. 

5 pjcrurrativeainountsofDNAwere 

seqronces) imd separated by decti^ 

were purified by ton exchange dirotoatography as above and Kgated to W-digested, 
depnospnorylated pHTBluelT (an£L com ttoiringiensis shuttle vector comprised of pBtuescript 
syk [stratagenel and the replication origin from a resident At plasmid JD. Urettas et aL [1989] 

10 EE^MkrobtologyLemseaail-^^ 

competent E. co& NM522 cells (ATOC 470G0) and plated an LB agar containing mpicfllin, 
fiK^pyl-^D^galacroside (TPTG) and satomcM^mloro^Ih^ 
(XGAL). White co&mfes, with putative restriction fragment insertions in the (^ gila rto shi ase 
geoe of pHTBhu^ were subjected ro Plasmids 

15 wereanah^byJ^Idigestfonaitoa|mr^ TteoesiredplasniMconstnict. 
pMYCl^contaiiisanapproxfam^ ltoaucleotidesequenee(opeaieadta 
frame only) fa Shown in SEQ ID NO. 1. iaie predial imiinoacidsequenee of the toxm is shown 
in SEQ ID NO. 2. 

Plasmid pMYC1638 was introduced into an acrystalliferons (Qp/-)fi£ host(HD-l cryB 
20 obtained from A. Aronson, Pmdue Unhasily) by electropoiatton. Expression of an 

approximately 330 RDa protein was verified by SDS-PAQEL 

PIaanttpMYCl<^coniaintagt^^ 
Iratmicrobetyircof standards 

NRRL B-I3751 canbe subjected to cleared tjsatelsojjyciito density gtad^ 
25 like, to recover pMYC163& 

Banyglg 2 - °f Rout Bt isolate PS43F and Transformation fe re 

Total cellular DNAwas prepared by growing the cells of l&t isolate PS43F and M-7 to 

30 aiowc^ticatdimsitfCOD^-l^an^ 

protoplastedmabiirfl^containr^ The protoplasts were 

lysed by addition of SDS to a final concentration of 4%. The cellular material was precipitated 
overnight at 4"C in 100 mM neuttal potassium chloride. The supernal* was phenoVchlorotonn 
extracted twice and the DNA predmated to <»% etbanoL The DNAwas purified on a cesium 

35 chloride gradient. DNAs from strains 43F and M-7 (as a standard of reference) were digested 
witbf^RIandrimoittonaOA%agarosegeL the get was Southern blotted and probed with 
Ttlr n t^y ^^ci.t^ ORF XmnX to Pstl fragment of the toxin encoding gene isolated from M-7 (this 
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will be subsequently referred to as Probe). Hie results showed 43F to hybridize to Probe at 13 
kb which is different than the standard. 

Preparative amounts of 43F DNA were digested with EcoBl and run out on a 08% 
agarose gel The 15 kb region of the preparative gel was isolated and the DNA electroeluted and 
5 concentrated using an ELUnP™-d (Schleicher and Schuell, Keene, NH) ion exchange column. 
A sample was blotted and probed to verify the fragment was indeed isolated. The 15 tt> EcoKl 
fragment was ligated to Lambda ZAP™£<»RI arms. The packaged recombinant phage were 
plated out with R coM strain BB4 (Stratagene Coning Systems, La Jolla, CA) to give high plaque 
density. 

10 The plaques were screened by standard procedures with Probe. Hie plaques that 

hybridized were purified and re-screened at a lower plaque density. The resulting phage were 
grown with M13 helper phage (Stratagene) and the recombinant BLUESCRIPT™ plasmid was 
automatically excised and packaged. The "phagemid" was re-infected in XLl-blue R coU cells 
(Stratagene) as part of the automatic excision process. The infected XLl-blue cells were screened 

15 forampidllin resistance and the resulting colonies were miniprepped to find the desired plasmid 

pMl^S-4. The recombinant R coU XLl-Blue {pM1^8-4) strain is called MR38L 

The plasmid pMl,9&4 contained a 73 kb EcoRI insert. To verify that this insert was the 
one of interest, a Southern blot was performed and probed. The 15 kb band hybridized with 
Probe, confirming that the fragment had been doned. Restriction endonuclease analysis of the 

20 15 kb EcoBl fragment with the enzymes ffiwdin, Pstl, Spel, BamHl znAXbal was done to show 

that a gene different from M-7 had been doned. The enzymes which cut inside the 15 kb EcoRI 
fragment were HbidEl (twice) Spel (twice) and Pstl (once). The open reading frame (ORF) of 
the 43F gene cut once with Hin&m, twice with Spel and did not cut with XbaU EcoBl, or BamHl. 
Sequence data showed an open reading frame of 1963 bp with at best 70% sequence similarity to 

25 the toxin encoding gene of M-7. 

The cloned toxin gene from PS43F can be modified for expression in P. fluorescens in the 
following way: 

(1) A plasmid containing the Pwc-promoted cryIA(b)-like toxin gene can be made using 
a 3-way ligation involving the Pzac promoter and toxin gene on a BamVR-Pstl fragment of about 

30 4500 bp from pM3,130-7 (from MR420, NRRL B-18332, disclosed in U.S. Patent No. 5,055,294), 

a NozL-BamHl fragment of about 5500 bp from pTTS260 (containing the tetracycline resistance 
genes, available from Dr. Donald Hettnsld, U.C San Diego), and a Notl-P&l fragment of about 
6100 bp from pT7S260 (containing the replication region). Trie assembled plasmid is recovered 
following transformation of R coU and growth under tetracycline selection, 

35 (2) A plasmid containing the P*ac-promoted 43F toxin gene can be made by fcgating the 

toxin gene-containing FsplSspl fragment of about 2200 bp from pMl,98-4 (from MR381(pMl,9S- 
4), NRRL R-18291) into the Smal site of the £. catf vector, pKK223-3 (Pharmacia). ThePtoc- 
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promoted 43F toxin plasmid can he recovered fbltowtng transformation of E. coh\ grow* raider 
amplcfllin selection, end greening for plasmids with inserts in the proper rieniatkra for 
egression from the lac promoter by techniques well known in the art 
(3) The EMe-promDted43FtaOTC^ 
5 vectorma threes ligation usn^ 

ends from theiaasmid resulting item step 1 above, to theSamffl^ 

of about L2 kb and the Ns&Scal fragment of about Zl kb cantmning the 3' end of the 43F torfn 
gene and adjacent vector DNA from the plasmid resulting from step 2 above. 

The resulting pTCS260-derived 43F torin expression plasmid can be introduced into 
10 PseudonumasfiuaescemlyctBaxopasstiOB. 

Theabovectonmgprocedureswerec^ 



The various methods employed in the preparation of the ptesntids and nansformation of 

host organisms arovrett known fo the art 1^ 
15 Fritsch, J. Sambrook (1982) Molecular Cloning: A Laboratory Manual. Cold Spring Harbor 

^moratory, New York. Thus, tt is within the skill of those in the genetic engineering art to 

extract DNA from microbial cells* perform restriction enzyme digestions, electrophorese DNA 

fragments, tafl and aiuiealplasuiaa^ 

DNA, electrophorese proteins, and sequence DNA. 
20 The restriction enzymes disclosed herein can be pinned from Boehrh^Mainiheiiii, 

Indianapolis, IN, or New England BioLabs, Beverly, MA The enzymes were used according to 

the instructions provided by the supplier. 

Plasmid pMl£&4 containing the At torin gene, can be ranoved from tiie transformed 

tostmicrobe by useof standard weH-faiown procedures. For example, R cofiXLl-BIue (pMl&- 
25 4)canbesubjectedtocteared^^^ 

p^mplB A - Mnfeenlar Cloning «f Qeue Bncod^^a Tartu from Bacilhis tfmrweiensis Strain 
PS86A1 

30 Total cdhuarDNAwasprepared from PS86Mo^ 

nm,ofLa Cells were pelleted by eentrimgatfo^ 

isozyme to 03 M sucrose, 25 mM Tris-O, pH&O, 25 mM EDTA). After incubation at 37-C 
for 1 hour, protoplasts were lysed by two cycles of ireeztog and thawing. Nine vohimffl 
sotatfonofaiMNaCUai^SDS^ 
35 was ertiactedi»icev#u*phenotchlorofe 

volumes of ethanoland pelleted by centrifugation. ThepeUetwas resuspended in lOmMTris-O, 
InM EDTA (TE).pH&0, and RNAse was ad^ After 
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incoba tion at 37°C for 1 hour, the solution was extracted once each with pheaoLcMorofonn (1:1) 
and IB-saturated chloroform DNA was precipitated from the aqueous phase by the addition of 
one-tenth volume of 3 M NaOAc and two volumes of ethanoL DNA was pelleted by 
oentrifagatfon, washed with 70% ethanol, dried, and resuspended in TE. 
5 RestrictioE fragment length polymorphism (RFLP) analyses were performed by standard 

hybridization of southern blots of PS86A1 DNA with a %-labeted oligonucleotide probe 
designated as 86A1-A The sequence of the 86A1-A probe was: 

5 ' ATG ATT OAT TCT AAA ACA ACA TEA CCA AOA CAT TCT/A TTA ATT/A CAT 
ACT/A ATT/AAA 3' (SEQ ID NO. 7) 

10 The probe was mixed at four positions, as shown. Hybridizing bauds included an 

approximately 3.6 kbp Ja&ndlH fragment and an approximately 93 kbp EcoRV fragment 

A gene library was constructed from PS86A1 DNA partially digested with &n/3A Partial 
restriction digests were fractionated by agarose gel electrophoresis. DNA fragments 6.6 to 23 kbp 
in size were excised from the gel, eJectroeluted from the gel slice, and recovered by ethanol 

15 precipitation after purification on an Elutip-D ion exchange column. The Sau3A inserts were 
Hgated into Jtoffl-digested LambdaOem-11 (Pxomega, Madison, WI> Recombinant phage were 
packaged and plated onR coU KW251 cells (Promega). Plaques were screened by hybridization 
with the radiolabeled 86A1- A oligonucleotide probe. Hybridizing phage were plaque-purified and 
used to infect liquid cultures of £ coH KW251 cells for isolation of phage DNA by standard 

20 procedures (Maniatis et aL [1982] Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 

Laboratory, Cold Spring Harbor, NY). For subcioning, preparative amounts of DNA were 
digested with EeoBl and SalU and electrophoresed on an agarose geL The approximately 2.9 kbp 
band containing the toxin gene was excised from the gel, eJectroeluted from the gel slice, and 
purified by ion exchange chromatography as above. The purified DNA insert was ligated into 

25 EcoKL + &ul-digested pHTBlueH (an R coUfBx shuttle vector comprised of pBlueScript S/K, 
Stratagene, San Diego, CA) and the replication origin from a resident Rt plasmid (D. Lereclus 
et al [1989] FEMS Microbiol Lett 6Xh211-218). The ligation mix was used to transform frozen, 
competent R coU NM522 cells (ATCC 47000). Transformants were plated on LB agar (Maniatis 
etal, supra) containing ampicimn, isopropyl-(6)4)-thfogalactoside (IPTO), and 5-bromo-4-chloro- 

30 3-indolyi-(ft-I>galactoside (XOAL). Plasmids were purified from putative recombinants by 
alkaline lysis (Maniatis et al , supra) and analyzed by electrophoresis of EcoKL and Sail digests on 
agarose gels. The desired plasmid construct, pMYC232Q, contains the toxin gene of the invention. 
The DNA sequence of this gene is shown in SEQ ID NO. 5. Tne toxin expressed by this gene is 
shown in SEQ ID NO. & 

35 Plasmid pMYC2320 was introduced into an acTystalliferous (Cry~) At host (Rt HD-1 

Ciy B, AL Aronson, Purdue University, West Lafeyatte, IN) by electroporation. Expression of 
an approximately 58 kDa protein is verified by SDS-P AGE analysis. 
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canbesnttfectedtodeared 
pMYC2320. 

A transformed Pseudanonas ftuorescens containing the PS43F gene was grown in the 
toUowinginedfan«snigal%inocuInm grown inI3 infidfom^SO^i.Jtnic^ 



Natitfate<2H^p: 7 * 1 * 
HCT 20 
Amberex 1003 20 

5 

23 



NaNOa 5 



25 32°C at 300 rpm. 

These were 72 tour * mm rtm^**^^ w *# tntm ^ 1 ^^ m 
24nounL They were induced with 2 mM HTG and supplemented with the following: 

Antisoy 

20 MgSO 4 ^0 04 

The tOKht concentration cm be dct^^ 
25 theapprorimaie^Ol^ 

of pofyacrylamlde gels containing SDS. 

^pT.^-Testf-rTfP- Th^ s A^Ttmt^PiaiiKiTidha^Motn 

(A ) Aspire^pieimtatiouofalU 
30 to ttolepidopteranpest,dhu^ 

mjTi-P--**-**-^ 1 - ^ greater than 100 microgram 
™>tein/grain diet gave 100% control of this pest hi 6 days, 

(B) Asporeo^prepatationofaiuao^ 

tne lepldoptemn pest, diamondback rnoth, in a L5% agar artificial 
35 grown as disclosed in Example L 

control of this pest in 6 days. 
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(C) A Pseudomonas fluorescein done comprising the PS43F gene was toxic to the 
lepidopteran pest, diamondback moth, In a L5% agar artificial diet assay. Rates greater than 40 
microgram protein/gram diet gave 100% control of this pest in 6 days. 

5 Exam ple 7 - Farther Testing of Rt Toxin s Apainst the Diamondback Moth 

Toxins of the subject invention were produced by recombinant cells which had been 
transformed with genes according to the subject invention. The toxins produced by the 
recombinant cells were then tested for their activity against diamondback moths. The results of 
these experiments are shown in Table 2. These experiments were conducted as described in 
10 Example 6. 



Table 2 



Source strain 


Cloned 
Toxin Gene 


Host 


Clone 


Diamondback Moth 
LCjo (ug toxin/g diet) 


PS86A1 


86A1 


R 


MR506 


79 






ttuiringiensis 






PS50C 


50C 


R 

thuringiensis 


MR505 


19 


PS43F 


43F 


P„ fluorescens 


MR&16 


11 



20 

Example 8 -Insertion of Toxin Genes Into Plants 

One aspect of the subject invention is the transformation of plants with genes encoding 
a lepidopteran toxin. The transformed plants are resistant to attack by lepidopterans. 

Genes encoding lepidopteran-active toxins* as disclosed herein, can be inserted into plant 

25 cells using a variety of techniques which are well known in the art For example, a large number 

of doning vectors comprising a replication system in£ coli and a marker that permits selection 
of the transformed cells are available for preparation for the insertion of foreign genes into higher 
plants. The vectois comprise, for example, pBR322, pUC series, M13mp series, pACYCl&4, etc. 
Accordingly, the sequence encoding the Rt toxin can be inserted into the vector at a suitable 

30 restriction site. The resulting plasmid is used for transformation into E. colL The E. coti cells 

are cultivated in a suitable nutrient medium, then harvested and lysed. The plasmid is recovered. 
Sequence analysis, restriction analysis, electrophoresis, and other biochemical-molecular biological 
methods are generally carried out as methods of analysis. After each manipulation, the DNA 
sequence used can be cleaved and joined to the next DNA sequence. Each plasmid sequence can 

35 be cloned in the same or other plasmids. Depending on the method of inserting desired genes 

into the plant, other DNA sequences may be necessary. It for example, the TI or Ri plasmid is 
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asedforuetransfoniiatiOT^ 

the left bolder of the Ti or Ri plasmid T-DNA> has to be Joined as the flanking region of the 
genes to be inserted. 

The use of T-DNA for the transformation of plant cells has been intensively researched 
5 and snffidentfy desert to ET 120 51* 

Ofiset-dmiteij Ranters B.V-, Alblasserdam, Chapter 5; Fraley etaL,Orit Rev. Plata ScL 4:1-46; 
and An et ^ (1985) £MBOZ 4:277-287. 

Once the inserted DNA has been integrated in the genome, ft is relatively stable there 
and,asaraIe,doesnwaMnecnitagaM ft nonnaBy contains asdectumrnarherttatawietBon 
10 the tn!nsJcmned plant cells resistances 

Ueontycta.luanximyc^ Tto1utttoity€mp&a«***B4* 
accordingly permit the selection of transformed cens rather than cells that do not contain the 
inserted DNA. 

A large number of techniques are available for inserting DNA into a plant host cell 
15 Those techniques inctade transforaiatum with T-DNA using Agrobaaethm tumefaaats or 
Agrobaaerium rhizogenesss transforation ageinv i^ 
other possible methods, ffagrobactetia are iised for the transfer 
totobedonedhttttspecfctiplasm^ 

vector. The intermediate vectors can be integrated into the TI or Ri plasmid by homologous 
20 recombination to Kxpienc^ TheTior 
Wplasmid also comprises the wregfonn^ Intennediate 
vectors cannot replicate themseJyes m ^bacteria. The hitermediate vector can be transferred 
iBtoAgftibaaerwm tumefadem by means of a heJperplasmid (conjugarton). Binary vectors can 
replicate themselves both in£ cog and in agrobaeteria. They comprise a selection marker gene 

25 andalihlcerorpotyiiiil^^ 

cantetiansfonneddirBctb/i^ [19781Afoi Gen. Genet. 163:181-187). 

Tfieagrobacterfomiised as hosted Tlievir region 

is necessary for the transfer of the T-DNA into the plant ceft. Additional T-DNA may be 
contained. The fcuserium so transformed fa used tot the traiisformatiou of Plant 

30 extents can advantageously be cultivated with Agmbactawn tumefadens or Agrobaaerium 

rftogeiisforttetnm^ mole plants can then be regenerated 

from the infected plant material (for sample, pieces of leaf, segments of stalk, roots, but also 
protoplasts orsuspensftm-cuMrat^ 

biorides tor selection. The plants so obtained can then be tested ibr the presence of the Inserted 
35 DNA. Mo sp~4~i demands ammadgof the pfastmds in the case of injection and electroporation. 
It is possible to use ordinary plasmids, such as, tor «ample,pUC derivatives. 
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The transformed cells grow inside the plants in the usual manner. They can form germ 
cells and transmit the transformed trails) to progeny plants. Such plants can be grown in the 
normal manner and crossed with plants that have the same transformed hereditary factors or other 
hereditary factors. The resulting hybrid individuals have the corresponding phenotypic properties. 

5 

Pnmple o - dom™ of Novel Rr ffenes Into Insect Viruses 

A number of viruses are known to infect insects. These viruses include, for example, 
baculoviruses and entomoposviruses. In one embodiment of the subject invention, lepidopteran- 
active genes, as described herein, can be placed with the genome of the insect vims, thus 

10 enhancing the pathogenicity of the virus. Methods for constructing insect viruses which comprise 
^toim genes are wen imown and readily practiced by th^ These procedures 

are described, for example, in Menyweather et aL (Merryweather, AT., U. Weyer, M.P.G. Harris, 
M. Hint, T. Booth, &D. Possee [1990] J. Gen. ViroL 71 =1535-1544) and Martens a aL (Martens, 
J.W.M, G. Honee, D. Znidema, J.W.M. van Lent, B. Visser, LM. Vlak [1990]^ Environmental 

15 Microbial. 56(9)^764-2770). 

It should be understood that the examples and embodiments described herein are for 
Illustrative purposes only and that various modifications or changes in tight thereof wfll be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
20 application and the scope of the appended claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

fiv APPLICANT i Dyeda, Kendriok &« 
|X ' Bradfisch, Gregory A. 

(U) KffiB OF INVENTION: Process for controlling Lepidopteran Pests 

(iii> NUMBER OF SEQUENCES: 7 



(iV) CORHESPOltoENCE JtoDRESS: . . . 

/AV ADDRESSEE* David R. Saliwancniic 
1 ' STREET* 2421 N.W. 41st Street, Suit© A-l 
CITY: Gainesville 
STATE: FL - 

coijntry: usa 

SIP: 32606 



(V) COMPUTER READABLE FORM: 
11 (A) MEDIUM TXFE: Flop|>y disk 

(B) COMPUTER: IBM PC compatible 
\c) OPERATING SYSTEM: PC-DOS /MS-DOS 

(d{ SOFTWARE: Patentla Release #1.0,- version #1.25 

(Vi> CURRENT AFFLICATI01|JDAa»: 
' 1 APPLICATION NUMBER: 

FILING DATE: 
CLASSIFICATION: 

fviil PRIOR APPLICATION DATA: 

1 ' {A) APPLICATION NUMBER^ US 07/756,020 
|B) FILING- DATE: 12-SEP-199I 

(C) CLASSIFICATION: 

{vil> ?|f 0 ^^^§ o &S? OS *r/e 5 *,*35 

/B) FILING DATE* 21-FEB-I991 
(C> CLASSIFICATION: 

fxri t > PRIOR APPLICATION DATA: 

( ' (A) APPLICATION NUMBERS US 07/642,112 
fB> FILING DATE: I6-JAN-1991 

(C) CLASSIFICATION:. 

(Viii) ATTORNET/AfiENT^INFOR^ION^ 

1 fA) NAME: saliwanchik, David R. 

(B) REGISTRATION NUMBER: 31,794 

fix) TELECOMMUNICATION INFORMATION: 
1 ' (A) TELEPHONE: 904-375-8100 
(BJ TELEFAX: 904-372-5800 

(2) INFORMATION FOR SEQ ID NOlls 

Ci) SEQUENCE CHARACTERISTICS: 
K 1 <A> LENGTH: 3471 base pairs 
(B) TYPE: nucleic acid: 

?C) STRANDBDNESf: double 

(D) topology: linear 

(ii> MOLECULE TYPE: DMA (genomic) 

(iii) HYPOTHETICAL: NO 

(iV) ANTI-SENSE: NO 

(Vi) ORIGINAL SOURCE: 




(Vll) XWDgg^MnMS^ JJBHIi 8-18751 

(Xi> SEQUENCE DESCRIPTION: SEQ H> NO:lt 
ATGAGTCCAA ATAATCAAAA TGAATATGAA ATTATAGATG CGACACCTTC TACA3JCTCTA .60 
XCCAGTGATT CTAACAGATA CCCTTTTGCG AATGAGCCAA CAGATGCGTT ACAAAATATG 120 
^TT &EAAAG ATTATCTGAA AATGTCTGGG GOAGAGAATC CTGAATTATT TGGAAATCCG 180 



SUBSTITUTE SHEET 



WO 93/04587 



PCTAJS92/07697 



GAOACGTTTA 
GGAGCTTTAG 
CAATTATGGC 
CTCGTTGATC 
CTAGGAAATG 
GAIGCAAGAA 
AGTTCAATTC 
CAGGCTGTGA 
GGATOTACAC 
TATTCAGACT 
TCTAAAAGTT 
TTGGTGGCGT 
CTTACACGGG 
TGCAACCCTT 
CGTCCGCCAC 
ATTACGTTAA 
AGAACAGCTG 
AATTCATTTG 
GCTAATTACT 
GGAACCTCAT 
ACACAGGTTT 
AGCTATAGTC 
TACTATGGGA 
ATATATTCAG 
GGTTCCGTAG 
AGCATATTAG 
AGAATTCGCT 
GAAAAAAATA 
AAATTCGCAA 
TCCATGGGTG 
GTAGATCAGA 
TTGTTTACGA 
GCGGCAAACT 
TTTCAXGCGG 
GATTTCCAAG 
GAA6GGGATG 
ACGGAAACGT 
ACAAGAIAIA 
CGTCACCAAA 
CCTOTAAACT 
TTAGAAGGAG 



TTAGTTCATC 
GGOTTCCATT 
CGTCAAAGAG 



CTTTGGAXGT 
CTAGAAGTGT 
CATCTMTGC 
ACCEACATTT 
CAGGTGAAAT 
ATTGTGTAAA 
GGCTGAATTA 
TATTTCCAAA 
ATCTGTATAC 
GGTCAACCCA 
ACTTCTTTGA 
ATAATGATGC 
ATTCGACCGT 
CACTTGAGGA 
ACCAAAAGGC 
CAACAACAGC 
ATGAATCAAG 
ATAGATTATC 
GTTTCCCTGT 
ATAAAATCAC 
TACAGGGTCC 
6GACCTTTGC 
ATGCCTCTAC 
GATTTAACAA 



ATTTTAGCTC 
CATATGAGGC 
ATACAAAAGA 
TAGTGGAATG 
TGAGAGAGGC 
AGAXAAACGG 
CTGTATTTAA 
ATCCAACGTA 
GACTGAGAGG 
CGAATCGAAT 
CTCATGGCAG 
AAAACCGTTC 
ACAATGAAAA 



CACGATTCAA 
TGCTAGTCAG 

AAAAXATGTA 
ATATCAGCAG 
TGTTTCXAAT 
AGTATCCGGA 
ATTCMATTA 
TTCTAGATTT 
GTCGTATAAA 
TCATCAGTTC 
CTATGACACA 
AGATCCGATA 
CAGTGGTATT 
TAIACTCAGC 
ATATATAAAC 
AACAXACACA 
TAGGGATATT 
ATATGGTCTG 
GTATTTATAT 
TGATGAAATA 
TCATATTACC 
ASTTGTTTCG 
TCAAAITCCA 
TGGATTTACA 
GGTTACAGTA 
AACAGATTTT 
AACTATGGAT 
TGATTTCCAA 
CGGTCAAGAA 
GGAACAAGAT 
TGGCTTACGA 
CCTATCGGAT 
AAAAOGCCTC 
AGAAAATGGA 
AGGACGTTAT 
TCTGTATCAA 
GT7TGTGGGA 
TGTAAAGAAT 
TATCAATCGA 
TGGTGATCCA 
TGCAGGAAIA 



21 

ACTGGAATTG 
ATAGCTAGTT 
TGGGGAGAAA 
AAAGATAAGG 
TCACTTGAAG 
CAATTTATAG 
CACGAAGTAC 
AGAGATGCTT 
TATAATCGTC 
ATCGGCTTAG 
CGXAGAGAGA 
CATATGTATC 
GCATTTAACA 
CTTTTTTATG 
TCAGTAGAAA 
TACTGGTCAG 
GCTAATTACG 
TTTGAAATTA 
CCGGGATCTT 
TCAAAAACAC 
CCTCTAGATA 
TCCCATTCTT 
ACACATACTA 
GCGGTAAAGG 
GGAGGAGATA 
AATGGGTCGT 
GAATTTACTC 
AATGGGGCAT 
TTCAGAGAAA 
GTTTATATAG 
TTAGAAGCGG 
CCAGGTGTAA 
GATTTATATC 
AGTGGGGCAC 
TGGGCGGCAA 
CTACGCCTAC 
AAACTAGAGG 
AGTAfflPCA A*? 
GTACCAGATG 
TGCAGCGAAC 
CATGAGTTCT 
TGGGTTGGAT 



GCATTGTTGG 
TCTATAGTTT 
TTATGGAACG 
CTCWGCTGA 
ATTGGCTGGA 
CTTTAGATCT 
TATTATTAGC 
CTATTTTTGG 
AAGTGCAACT 
ATAAATTGAA 
TGACATTACT 
CAATCGAAAC 
1AGTGACAAG 
AAGTTGAAAA 
TTAATACAAG 
GACATACCCT 
GTCGAATCAC 
A3TCAACTGT 
GGTTCCATAT 
ATACAGCTCT 
GAACTGTACC 
TCTCTAAAAA 
GTGCGGATTT 
GAGACATGTT 
TATTAAAAAG 
TATCACAAAG 
TATACCTTGG 
CTTTAACGTA 
CACAAGATAA 
ACCGAATCGA 
CGAAGAAAGC 
CGGAOTATCA 
CAAATGAAAA 
GTAACTTACT 
GIACGGGAAT 
CAGGTGCACG 
AAGGTGTATT 
GATTAGAAAT 
ATTTATTGCC 
AAAAGTATGT 
CGCTCCCTAT 
TTAAGATTAC 



TCGAATACTA 
CATTGTTGGT 
AGTGGAAGAA 
ATTAAAAGGG 
AAATCGCAAT 
TAACTTTGTT 
AGTATATCCA 
AGAAGAGTGG 
TACCGCTGAA 
AGGTACCACT 
GGTATTAGAT 
AACAGCTCAA 
TACTGGATTC 
CAACGTAATT 
TAGAGGGGGT 



TTCAGAAAAG 
GGCAAACCTA 
GGZAAAAAGG 
CCAAGGGTGT 
GGTAGCTGAA 
TGGGAGTGCA 
AAATAATACA 
ATATCTAGGG 
AACCAATCCT 
ATATCGTGTA 
CGACACAATA 
TGAAACA3TT 
AATACTCCTA 
ATTCATCCCA 
AGTGAATGCC 
AGTAAATCAA 
ACGATTGTTA 
ACAAGATCCA 
TGAGATTGTA 
AGAAATTCAT 
AAAACCATAC 
TTATACGAXA 
AGATCTATCT 
GAATAGCCGT 

GGACCCAGAG 



240 
. 300 
360 
420 
480 
540 
600 
660 
720 
760 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
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2760 
2820 
2880 
2940 
3000 
3060 
3120 



3240 
3300 
3360 
3420 
3471 



GGATACGCAA CACTTGG&AA TCTTGAATTA GTCOAWaGG GACCTTTGTC AGGAG&CGGA 
TTAC&GCGCT TGCIUUW^AGAACA^ A&MGMAW AAGACGTGaA 

aaG&cftfiam aaMaaac&T ggca!k*aaa caw^ggtm ATCGTTTATa tgccg&^t 

CAGG&TCAAC AACTGAATCC TGATGTAGAG ATTACftGATC TTACTGCGGC TCAAGfcTCTC 
AlftCAGTCCA TTCCTTACGT ATAEftACGaA ATGTTCCCAG AAATACCAGG GATGAACTAT 
JU^AACTTTA CAGAATTAAC AG&ICGACTC CAKAMCGT GG&aTTTGTA TCATCAGCGA 
^OjGCCMaC CAAATGGTGA TTTTCflftftAT GGGTTAAGTA ATTGGaATGC AACGCCTGGC 

OTafiawaac aacaaatcaa tcaseacatct gtccttgtga ttccaaactg ^sareAACAA 3180 

GTTTCACAAC AGTTTACAGT TCIUfcCCGaAT CftftAGAJlMG TATTACXaGT T&CTGCAAGA 
A^UHttGGGG TAGGAAATGG ASMX3^GT ATTCGTG&TG GTGGaAATCA ATCWSAAACG 
CTTACTTTTA 6TGCAMCGA M^G&0»CA AATCGTGTG* ATAATGACCA AACCGGCTAT 
MCMaMftA CACTGaCAOT CATCCCGTAT AC&GftTCAAA TOTGGMTGA AATAAGTGRA 
ACAGB&GGTA CGCTCTATW AGAAAGTGTA GAATTGATTS TAGACGT&G* G 

(2) INFORMSTION FOR SEQ ID NOl2t 

fit SEQUENCE CHARAClERXSTICSi 

(A) tENGTJJs 1157 amino acids 

(B) TYPE* amino acid 

(C) STK&NDEDNEff 1 Bingla 

(0y TOPOLOGY z linear 
( if ) molecule types protein 

(iii) HYPOTHETICAL t YES 
(XV) ANTI-SENSE: NO 

(vi> ^T^fi^rBacillii* tfauriugieimiB 
fB) STRAIN: tannamotoensiB 
|c{ INDIVIDUAL ISOLATE J PS50C 

(Vi±) ^f^f 0 ^^ KM522(pH*CI«B). KKX. B-1S75I 
(JCt) SEQUENCE DESCRIPTION t SBC 3CD TO* 2* 

Met Ger Pro Aen |sn Gin Asn Glu Tyr Gin Xle lie Aap aia 
ser Thr ser Val ser ser Asp Ser Ap Arg «yr Pro Phe _^ 



55* — " 6& 

1 » M TTU „ n .. v 

— -- ™ ... 80 

65 



101 



Gin 


Asn Glu Tyr 


Glu 
10 


Xle 


ser 


Asp Ser Asa 


Arg 


Tyr 


Gin 


Asn Mot Asn 
40 


Tyr 


Lys 


pro 


Glu Mix Pne 
55 


Gly 


Asn 


Gin 
70 


Thr Gly He 


Gly 


He 
75 


Pro 


Pha Ala ser 


Gin 
90 


He 


Leu 


Trp pro ser 


Lys 


Ser 


vaX 


Glu Glu Lau 
120 


val 


Asp 


Ala 


lieu Ala. Glu 
135 


Leu 


Lys 


Gin 
150 


ser lieu Glu 


A8P 


Bl 


ser 


val Val Ser 


Asn 
170 


Gin 



Gl» LeU srp PEG ser ny» ow- — tf -jj 
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Leu Asn Phe Val Ser Ser He Pr ser Phe Ala Val ser Gl^ His Glu 
val Leu Leu Leu Ala val Tyr Ala Gin Ala Val Asn Leu Hia Leu Leu 



Leu Leu Arg Aep Ala 8er lie Phe Gly Glu Glu Tro Gly Phe Thr Pro 

210 215 22W 

Gly Glu He ser Arg Phe Tyr Asn Arg Gin Val Gin Leu Thr Ala Glu 
225 230 235 **" 

Tyr ser Asp Tyr eve val Lys Trp Tyr Lys He Gly Leu Asp Lys Leu 

Lye Gly Thr Thr ser Lys ser Trp Leu Asn Tyr His Gin Phe Arg Arg 

- 260 2©D * 

Glu Met Thr Leu Leu val Leu Jjp Leu val Ala Leu Phe Pro Asn Tyr 
275 280 ^op 

Asp Thr His net Tyr Pro ll| Glu Thr Thr Ala Gin Leu Thr Arg Asp 

val Tyr Thr Asp Pro lie Ala Phe Asn He Val Thr Ser Thr Gly Phe 
305 3X0 3" •»**» 

Cys Asn Pro Trp ser Thr Hia Ser Gly lie Leu Phe Tyr Glu val Glu 

Asn Asn val lie Arg Pro Pro His Leu Phe Asp He Leu ser ser val 

Glu He Asn Thr ser Arg Gly Gly^ He Thr Leu Asn Asn Asp Ala Tyr 

He Asn Tyr Trp Ser Gly His Thr Leu Lye Tyr Arg Arg Thr Ala Asp 

ser Thr Val Thr Tyr Thr Ala Asn Tyr Gly Arg He Thr ser Glu Lys 

Asn ser Phe Ala Leu Glu Asp Arg Asp lie Phe Glu He Asn ser Thr 

val Ala Asn Leu Ala Asn Tyr Tyr Gin Lys Ala Tyr Gly val pro Gly 
420 425 * JU 

ser Trp Phe His Met Val Lys Aro Gly Thr ser ser Thr Thr Ala Tyr 
Leu Tyr Ser Lys Thr His Thr Ala Leu Gin Gly cys Thr Gin Val Tyr 
Glu ser ser Asp Glu lie Pro Leu Asp Arg Thr Val Pro val Ala Glu 
ser Tyr ser His Arg Leu ser His He Thr ser His ser Phe Sj| Lys 
Asn Gly ser Ala Tyr Tyr Gly ser Phe Pro val Phe Val Tro Thr His 

500 DUD '* v 

Thr Ser Ala Asp Leu Asn Asn Thr He Tyr Ser Asp Lys He Thr Gin 
515 D*u 

He Pro Ala val Lys Gly Asp Met Leu Tyr Leu Glv Gly ser val val 
530 535 d*u 

Gin Gly Pro Gly Phe Thr Gly Gly Asp He Leu Lys Arg Thr Asn Pro 
545 550 "5 aou 

ser He Leu Gly Thr Phe Ala Val Thr Val Asn Gly ser Leu Ser Gin 

Arg Tyr Arg val Arg He Arg Tyr Ala Ser Thr Thr Asp Phe Glu Phe 

Thr Leu Tyr Leu Gly Asp Thr lie Glu Lys Asn Arg Phe Asn Lys Thr 

Met Asp Asn Gly Ala ser Leu Thr Tyr Glu Thr Phe Lys Phe Ala ser 
610 615 « zo 
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Phfi He Tht Asp She Gin Phe Arg Glu Thr Gin asp Lys H* £«J 
525 63° OJ:> 

ser Met Gly Asp |b| Ser sor Gly Gin Glu val Tyr II* Asp |r| lie 

Glu Phe lie Pre Val Asp Glu Thr Tyr Gin Ala Glu Gin As* Leu Glu 

Ala Ala Lys Lys Ala val Asn |le LeU Phe Thr Asn Thr Lys Asp Gly 

Leu Ar^ Pro Gly Val Tor AS| Tyr Glu val A*n Gin Ala- Ala Aim Leu 

Val Glu Cys Leu Ser abo Asp Leu Tyr Pro Asn Glu Lys Arg Leu Leu 

Phe Asp Ala val Arg Glu Ala Lys Arg Leu ser Gly Ala Arg Asn Leu 

Leu Gin Asp Pro Asp Phe Gin Glu Il| Asn Gly Glu Asn Gly Trp Ala 

Ala ser T|r Gly lie Glu He yal Glu Gly Asp Ala Val Phe Lys Gly 

Arg Tyr Leu Arg Leu Pre Gly Ala Arg Glu He Asn Thr Glu Thr Tyr 

Pro Thr Tyr Leu Tyr Gin liys Val Glu Glu Gly val Leu Lys Pro Tyr 
785 790 *» 

Thr Arg Tyr Arg Leu Arg Gly Phe Val Gly ser ser Gin Gly Leu Glu 

He Tyr Thr lie Arg His Gin Thr Ag Arg lie Val tysffn val Pro 

Asp Asp Leu Leu Pro Asp Val Ser Pro yal Asn Ser As| Gly Ser He 

Asn Arg cys Ser Glu Gin Lys Tyr val Asn Ser Arg Leu Glu Gly Glu 

Asn Arg Ser Gly Asp Ala His Glu Phe Ser Leu Pro He Asp He Gly 
865 870 a* 3 . 

Glu Leu Asp Tyr Asn Glu Asn Ala Gly He Trp val Gly Phe Lys He 

Thr Asp Pro Glu sly Tyr Ala Thr Leu Gly Asn Leu. Glu Leu Val Glu 

Glu Gly Pro Leu Ser Gly Asp Ala Leu Glu Arg Leu Gin Arg Glu Glu 

Gin Gin Trp Lys He Gin Met Thr Arg Arg Arg Glu Glu Thr Asp Arg 

Ar| Tyr Met Ala ser Lys Gin Ala val Asp Ar| Leu Tyr Ala Asp Tyr 

Gin Asp Gin Gin Leu Asn Pro Asp Val Glu He Thr Asp Leu Thr Ala 

Ala Gin Asp Leu He Gin Ser He Pro Tyr Val Tyr Asn Glu Met Phe 

Pro Glu lie Pro Gly Met Asn TyrThr Lys Phe Thr GluLeu Thr Asp 

Arg H&fia 6ln *** *** *** iofo* 8 * Il# 

Asn Gly Asp Phe Arg As^Gly Leu Ser Asn Tr^Asn Ala Thr Pro Gly fl 

val Glu val Gin G In^le Asn Bis Thr Serial Leu Val He Pr| s *m 

Trp Asp Glu ^nval Ser Gin Gin Ph^Thr val Gin Pro A-nGln Arg 
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Tyr val Leu Arg val Thr Ala Arg Lys Glu aly val Gly Asn Gly Tyr 
' 1075 1080 10B5 

val ser lie Arg Asp Gly Gly Asn Gin ser Glu Thr Leu Thr Phe ser 
1090 1095 1100 

Ala ser Asp Tyr Asp Thr Asn Gly Val Tyr Asn Asp Gin Thr Gly Tyr 
1105 * 1110 1115 1120 

He Thr Lys Thr Val Thr Phe He Pro Tyr Thr Asp Gin Met Tro lie 
* 1125 1130 1135 

Glu He Ser Glu Thr Glu Gly Thr Phe^Tyr He Glu ser val Glu Leu 
1140 1145 1150 

He Val Asp val Glu 
1155 



(2) INFORMATION POR SEQ ZD NO*3x 

(i) SEQUENCE CHARACTERISTICS* 

(A) length x 1953 base pairs 

(B) TYPEs nucleic acid 

(C) STRANDEDNESSs double 

(D) topology t linear 

(ii) MOLECULE TYPEt DHA (genomic) 
(iii) HYPOTHETICAL: NO 
(XV) ANTI-SENSE * NO 

(Vi) ORIGINAL SOURCES mm ^ M 

(A) ORGANISMS Bacillus thuringiensie 

<B) STRAINS tolworthi 

<C) INDIVIDUAL ISOLATES 43? 

(Vii) IMMEDIATE SOURCES - „ ^ ^ ^ , 

1 (B) CLONES E. coli XLl-Blue (pMl,98-4), NRRL B-18291 

(ix) FEATURE: 

(A) NAME /KEY 1 CDS _ 

(B) LOCATIONS 1.-1953 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:3s 



ATG 
Met 
1 


AAT CCA 

Asn Pro 


AAC 

Asn 


AAT 

Asn 
5 


CGA 

Arg 


AGT 
ser 


GAA 
GlU 


TAT 
Tyr 


GAT ACG ATA 
Asg Thr lie 


AAG GTT 
Lys Val 


ACA 
Thr 
15 


CCT 
Pro 


48 


AAC 
Asn 


ACT GAA 
Ser Glu 


TTG 
Leu 
20 


CCA 

Pro 


ACT 
Thr 


AAC 
Asn 


CAT 
His 


AAT 
Asn 
25 


CAA TAT CCT 
Gin Tyr Pro 


TTA GCT 
Leu Ala 
30 


GAC 
Asp 


AAT 
Asn 


96 


CCA 
pro 


AAT TCG 

Asn ser 
35 


ACA 

Thr 


CTA 
Leu 


GAA 
GlU 


GAA 
GlU 


TTA 
Leu 
40 


AAT 
Asn 


TAT AAA GAA 
Tyr Lys Glu 


TTT TTA 
Phe Leu 
45 


AGA 
Arg 


ATG 
Met 


144 


ACT 
Thr 


GCA GAC 
Ala Asp 


AAT 
Asn 


TCT 
Ser 


ACG 
Thr 


GAA 
Gl» 


GTG 
val 


CTA 
Leu 


GAC AGC TCT 
Asp ser ser 
60 


ACA GTA 
Thr val 


AAA 

Lys 


GAT 
Asp 


192 


SB 

65 


GTT GGG 

Val Gly 


ACA 

Thr 


GGA 

Gly 


70 


TCT 

ser 




33 


GGA CAG ATT 

Gly Gin He 
75 


TTA GGT 
Leu Gly 


GTT 

Val 


GTA 

Val 
80 


240 


GGG 
Gly 


GTT CCA 

Val Pro 


TTT 
Phe 


GCT 

HI 


GGG 
Gly 


GCG 
Ala 


CTC 
Leu 


ACT 
Thr 


TCA TTT TAT 
ser Phe Tyr 
90 


CAA TCA 
Gin ser 


TTT 
Phe 
95 


CTT 
Leu 


288 


AAC 
Asn 


GCT ATA 
Ala He 


TCG 
Trp 
10U 


CCA 
Pro 


ACT 
ser 


GAT 
Asp 


GCT 
Ala 


GAC 
ASP 
105 


CCA TGG AAG 

pro Trp Lys 


GCT TTT 


ATG 
Met 


GCA 
Ala 


336 


CAA 

Gin 


GTG GAA 

Val Glu 
115 


GTA 
Val 


CTG 
Leu 


ATA 
He 


GAT 
Asp 


AAG 

Lys 
120 


AAA 

Lys 


ATA GAG GAG 
lie Glu GlU 


TAT GCT 

Si 


AAA 

Lys 


AGT 

ser 


384 


AAA 

Lys 


GCT CTT 

Ala Leu 

130 


GCA 

Ala 


GAG 
GlU 


TTA 
Leu 


CAG 

Gin 

135 


GGT 
Gly 


CTT 
Leu 


CAA AAT AAT 
Gin Asn Asn 
140 


TTT GAA 

Phe Glu 


GAT 
Asp 


TAT 
Tyr 


432 
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X45 150 

SBf5SBBS{gKSBB£B&B 



480 
528 
576 



672 
720 
768 
816 
864 
$12 
960 



flR m GCT CAA CTT W GGA GAA GAA TGO GGA T&T TCT TCA GfiA 
S£ ^ £2* OlS Val p| GOy Glu Gla wp Oly Tyr Ser Ser alu 
210 215 

BjBBKEEjsisasagaiBe-tte 
SBBgjSBBB£BBBSfgsB 

A ™ era gm gat CEA ACT GTS. TTA TTC CCA TCT TKP GAT 
Mt^E^fhlvaXllsSpSa tie val J^u Phe Pro Phe Tyr Asp 
275 "0 

BBSeBBBBBBBBBSBBS 

30S 31ft 

eBBBgaiBE&£BBSB£B 1008 

BBSfiBBBBfijSSBS'fjBB 
BBMBBBBB«BBSe*B 

370 375 "* ou 

fBBBBjjjBBBBSSBBBI 
BSBBBBBStt&BBBBBjB 

405 mxU 

IBESBtBBfl|EBBB|fSB' 
BfiSBBBB|BSBB8BBS 

bbSbbssbsbb|b-B'bb 

gBBBBgBBBBjgBBBSBS 



1056 
1104 
1152 
1200 
1248 
1296 
1344 
1392 
1440 
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TOT 
cya 


TTC 
Phe 


TTA ATG CAG 
Leu Met GlU 
485 


ACA 
Thr 




AGA AGT OTA 
Arg Ser Vol 
500 


ACT 
Thr 


CAA 
Gin 


CTT CCA GTA 
Leu Pro Val 
515 


ATT 
lie 


ATT 
lie 
530 


GAA GGT CCA 

Glu Gly Pro 


GAA 
GlU 
545 


TCT 
ser 


AGT AAT TCA 
Ser Asn ser 


GCC 
Ala 


TTG 
Leu 


TTA CAA CGA 
lieu Gin Arg 
565 


AAC 
Asn 


CTA 
Leu 


CGA CTT TTC 
Arg Leu Phe 
" 580 


TAG 
Tyr 


ATT 
lie 


AAT AAA ACT 
Asn Lya Thr 
595 


TTT 
Phe 


GAT 

tiS 


TTC GCA ACT 

Phe Ala Thr 


AAT 

Asn 
€25 


GAC 
Asp 


TTT ATA ATA 

Phe He Xle 


TAT 
Tyr 


ATA 

lie 


GAT AAG ATA 
Asp Lya lie 


(2) 


INFORMATION TOR 
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AGA ATT CCA TTT TTT ACT TGG 
Thr II Pro Phe Phe Thr Trp 
490 495 



* 505 510 

GTG AAA GCA TAT GCC TTG TCT TCA GGC GC 
Val Lys Ala Tyr Ala Leu ser Ser Gly Al. 
520 525 

GGA TTC ACA GGA GGA AAT TTA CTA TTC CTi 
Gly Phe Thr Gly Gly Asn Leu Leu Phe Lei 
'535 540 

ATT GCT AAA TTT AAA GTT ACC TTA AAT TO 
He Ala Lys Phe Lys val Thr Leu Asn sei_ 
550 555 560 



585 590 

AAT ATA GAT GGT GAT TTA ACA TAT 
Asn Xle Asp Gly Asp Leu Thr Tyr 
600 605 

AAT TCT AAT ATG GGA TTC TCT GGT 
Asn ser Asn Mel: Gly Phe Ser Gly 

GCA GAA TCT TTC GTT TCT AAT GAA 
Ala Glu ser Phe val Ser Asn Glu 
635 

TTT ATC CCA GTA CAA 
Phe Xle Pro val Gin 
650 



(1) SEQUENCE CHARACTERISTICS i 

(A) length t 651 amino acids 

B) TYPES amino acid 

C) STR&NDEDNESS t single 

D) TOPOLOGY: linear 

(ii) MOLECULE TYPES protein 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE X NO 

(Vi) ORIGINAL SOURCE: _ _ 

ORGANISM: Bacillus thuringiensis 
STRAIN: tolvorthi 
INDIVIDUAL ISOLATE: 43F 

/ vii.^ IMMEDIATE SOURCE: 

1 (B) CLONES E* OOli XLl-Blue (pMl,98-4), NRRL B-18291 

(ijc) FEATURE: 

(A) NAME/KEY: Protein 
<B> LOCATION: 1..651 

(Xi) SEQUENCE DESCRIPTION* 6SQ XD NO: 4: 

Met Asn Pro Asn Asn Arg ser Glu Tyr Asp Thr lie Lys Val Thr Pro 
15 10 1» 

Asn Ser Glu Leu pro Thr Asn His Asn Gin Tyr Pro Leu Ala Asp Asn 
20 25 30 

pro Asn Ser Thr Leu Glu Glu Leu Asn Tyr Lys Glu Phe Leu Arg Met 
35 40 45 



111 
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Thr Ala Asp ash ser Thr |ln val Leu Asp Ser |or Thr val Lys Asp 

Ala val Gly Thr Gly lie ser Val Val Gly Gin lis Leu Gly Val val 

Gly val Pro Phe Ala Gly Ala Leu Thr ger phe Tyr Gin ser Phe Lea 

Asa Ala lie Trp Pro Ser Asp Ala Agg Pro Trp Lys Ala Phe Mat Ala 

Gin val Gin val Leu lie Asp Lys Lys He Glu Glu Tyr Ala Lys Ser 

1J.5 i^w 
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Abu Asn phe Glu Asp Tyr 

val Asn Ala Leu Asp ser Trp Lys Lys Ala Pro Val Asn Leu Arg ser 
145 150 1&s 

Arg Arg ser Gin as| Arg lie Arg Glu Leu Phe ser Glu Ala Glu Ser 

Bis Phe Arg Asn ser Met Pro Ser Phe Ala val ser Lys Phe Glu val 

Leu Phe Leu Pro Thr Tyr Ala Gin Ala Ala Asn Thr Bis Leu Leu Leu 

Leu Lys Asp Ala Gin val |h| cly Glu Glu Trp Gly Tyr ser Ser Glu 

|s| He Ala Gin Phe Tyr ©In Arg sin Leu Lys Lett Thr Gin Gin Tyr 

Thr Asp His cys val Asn Trp Tyr Asn val Gly Leu Asu Ser Leu Arg 

cly ser Thr Tyr Asp Ala Trp Val Lys Phe Asn Arg phe Arg Arg Glu 

net Thr Leu Thr val Leu Asp Leu He val Leu Phe Pro Phe Tyr Asp 

val Arg Leu Tyr seT Lys Gly/ val Lys Thr Glu Leu Thr Atg Asp He 

Phe Thr Asp Pro He Phe Thr Leu Asn Ala Leu Gin Glu Tyr Gly fro 
3 Q5 3 XQ 

Thr Phe ser Ser He Glu Asu ser He Arg Lys Pro Sis Leu Phe Asp 

Tyr Leu Arg Gly He Glu Phe His Thr Arg Leu Arg pro Gly Tyr Ser 

Gly Lys A|| ser Phe Asn Tyr Trp ser Gly Asn Tyr val Glu Thr Arg 

Pro ser He Gly ser Asn As| Thr He Thr ser Pro Phe Tyr Gly Asp 

xm ser He Glu Pro He Gin Lys Leu Ser Phe Asp Gly Gin Lys Val 
385 390 3« 

Tyr Arg Thr He Ala Asn Thr Asp He Ala Ala Phe Pro Asp Gl| Lys 

He Tyr Phe Gly Val Thr Lys val A|| Phe ser Gin Tyr asp Asp Gin 

Lys Asn Glu Thr ser Thr Gin Thr Tyr Asp ser Lys Atg Tyr Asn cly 

Tyr Leu Gly Ala Gin Asp ser He Asp Gin Leu Pro Pro Glu Thr Thr 
•* 450 455 *°" 

U| Glu Pro Leu Glu Lys Ala Tyr Ser His Gin Leu Asn Tyr Ala Glu 
cys Phe Leu Hen Gta Asp Arg Arg ly Thr He Pro Phe Phe Thr Trp 
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Thr 


Els 




Ser 

500 


val 


Asp 


Phe 


Phe 


Asn Thr Zle Asp Ala Glu 
505 510 


Lys Xle 


Thr 


Gin 


Leu 
515 


Pro 


Val 


val 


Lys 


Ala 
520 


Tyr Ala Leu Ser |er Gly 


Ala Ser 


Zle 


Zle 
530 


GlU 


Gly 


Pro 


Gly 


Phe 
535 


Thr 


Gly Gly Asn Leu Leu Phe 
540 


Leu Lys 


GlU 
545 


6er 


Ser 


Asn 


6er 


Zle 
550 


Ala 


Lys 


Phe Lys Val Thr Leu Asn 
555 


ser Ala 
560 


Ala 


Leu 


Leu 


Gin 


Arg 
565 


Tyr 


Arg 


Val 


Arg Zle Arg Tyr Ala Ser 
* 570 


TUX 1UT 

575 


Asn 


lieu 


Arg 


Leu 
580 


Phe 


Val 


Gin 


Asn 


Ser Asn Asn Asp Phe Leu 
585 590 


____ * * _ 

Val Zle 


Tyr 


Zle 


tit 


Lys 


Thr 


Met 


Asn 


zle 
600 


Asp Gly Asp Leu Thr Tyr 

605 


Gin Thr 


Phe 


Asp 
610 


Phe 


Ala 


Thr 


ser 


Asn 
615 


fier 


Asn Met Gly Phe Ser Gly 
620 


Asp Thr 


Aon 

625 


Asp 


Phe 


Zle 


Zle 


Glv 
630 


Ala 


Gin 


ser Phe Val Ser Asn Glu 
635 


Ly8 lis 


Tyr 


Zle 


Aflp 


Lys 


zle 
645 


GlU 


Phe 


Zle 


Pro Val Gin 
650 





(2) INFORMATION FOR SEQ ZD NOs5l 

(i) SEQUENCE CHARACTERISTICS I 
* ' <A) LENGTH i 1425 base pairs 

?B) types nucleic acid 

)c) strandedness i double 

<D> TOPOLOGYs linear 

(ii) MOLECULE TYPES DMA (genomic) 
<iii) HYPOTHETICAL J NO 
(iV) ANT I -SENSE t HO 

lVL) S&agSsSf^XIJ.US THURXHGIEHS I S 

(C) INDIVIDUAL ISOLATE: PS86A1 

(Vii) X^g^fO^ii ,0022(^2320, RRRL B-187« 

<iX) ^fSs/KEY, »at peptide 
(B) LOCATIONS 1./I425 

(Xi) SEQUENCE DESCRIPTZONs SEQ ID NOsls 

ATGATTATTG ATACTAAAAC GACTTTACCT AGACATTCAC TTATTCATAC AATTAAATTA 

AATTCTAATA AGAAATATGG TCCTGGTGAT ATGACTAATG GAAATCAATT TATTATTTCA 

AAACAAGAAT GGGCTACGAT TGGAGCATAT AITTCAGACTG GATTAGGTTT ACCAGTAAAT 

GAAC&ACAAT TAAGAACACA TGTTAATTTA AGTCAGGATA TATCAATACC TAGTGATTTT 

TCTCAATTAT ATGATGTTTA TTGTTCTGAT AAAACTTCAG CAGAATGGTG GAAT AA A A A T 300 

TTATATCCTT TAATTATTAA ATCTGCTAAT GATATTGCTT CATATGGTTT TAAAGTTGCT 360 

GGTGATCCTT CTATTAAGAA AGATGGATAT TTTAAAAAAT TGCAAGATGA ATTAGATAAT 420 

ATTGTTGATA ATAATTCCGA TGATGATGCA ATAGCTAAAG CTATTAAAGA TTTTAAAGCG 

CGATGTGGTA TTTTAATTAA AGAAGCTAAA CAATATOAAG AAGCTGCAAA AAATATTGTA 

ACATCTTTAG ATCAATTTTT ACATGGTGAT CAGAAAAAAT TAGAAGGTCT TATCAATATT 

CAAAAACGTT TAAAAGAAGT TCAAACAGCT CTTAATCAAG CCCATGGGGA AAGTAGTCCA 660 

GCTCATAAAG AGTTATTAGA AAAAGTAAAA AATTTAAAAA CA A C A TTAGA AAGGACTATT 720 

AAAGCTGAAC AAGATTTAGA GAAAAAAGTA GAATATAGTT TTCTATTAGG ACCATTOTTA 780 



60 
120 
180 
240 



480 
540 
600 
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840 
900 



OOaCTTGTTO TTTATGAAAT TCTTGAAAAT ACTGCTOTTC AfiOlWa^ AARTCAAA T T 
<»TGAGATAA AGAAACAATT AGATTCTGCT CAGCATGATT TGGATAGAGA TCCTAAAATT 
jUaGGAASGT ynft fi T fiCT»«r TAATACAGAT ATTGATAATT TATAIAGTCA AGGACAAGAA 960 

oc^ttaaag ttttccaaaa gttacaaggt axttgggcta ctattggagc tcaaatagaa 1020 

AATCTTAGAA CAACGTCGTT ACAAGAAGTT CWU^TTCTG ATGATGCTGA TGAGATACAA 1080 
ATTGAACTTG AGGACGCTTC TGATGCTTGG TTAGTTGTGG CTCAAGAAGC TCGTGATTTT 1140 
ACACEAAATG CTTATTCAAC TAATAGTAGA CAAAATTTAC CGATTAAMT TATATCAGAT 1200 
TCATGTAATT GTTCAACAAC AAATATGACA TCAAMCAAT ACAGTAATCC AACAACAAAT 
ATGACATCAA ATCAATATAI GATTTCACAT GttfrTATACAA GTTTACCMA TAATTTTATG 
CTATCAAQAA AZAGTAATTT AGAATATAAA TGTCCTGAAA ATAATTTXAT GAXATATTGG 
•EATAATAACT CGGATTGGTA TAATAATTCG GATTGGTATA ATAAT 

(2) INFORMATION FOR SEQ ID NO«2* 

(il SEQUENCE CHARACTERISTICS s 

fA) LENGTHS 475 amino acids 
(B) types amino aoid 



1260 
1320 
1380 
1425 



C) STRANDBDNESSs 

D) TOPOLOGY: 



(ii) molecule TYPEs protein 

(111) HYPOTHETICAL r YES 
(iv) ANTI— SENSE S NO 

fVlV ORIGINAL SOURCES V1 rn 

?A1 ORGANISM: BACILLUS THURINGIENSIS 

|c) ^rrauaL isolates ps86ai 

(Vii) "gfS^fCTSu mi522CpMSC2320y NKRL 3-18769 

{XX) F f^°mME/KEYs ?rdtein 
(B) LOCATION* 1..475 



(Xi) 


SEQUENCE DESCRIPTIONS 81 


SQ ZD NOs2t 








Leu Ile Sis 
15 


MOt 
1 


lie 


Ile 


Asp 


Ser 
5 


Lya 


Thr 


Thr 


Leu 


Fro 
10 


Arg 


His 


Ser 


Thr 


Ile 


Lys 


Leu 
20 


Asn 


ser 


Asn 


Lys 




Tyr 


Gly 


Pro 


Gly 


Asp Met Thr 
30 


Aan 


Gly 


Asn 
35 


Gin 


Phe 


lie 


lie 


ser 

40 


Lys 


Gin 


Gin 


Trp 


Ala 
45 


Thr lie Gly 


Ala 


IT 


lie 


Gin 


Thr 


Gly 


xeu 
55 


Gly 


Leu 


Pro 


val 


Asn 

60 


GlU 


Gin Gin Leu 


IF 


Thr 


Bis 


Val 


Asn 


Leu 
70 


ser 


Gin 


ASP 


Zle 


Ser 
75 


lie 


Pro 


ser Asp Phe 
80 


eer 


Gin 


Lett 


Tyr 


ti p 


Val 


Tyr 


cys 


Ser 


Asp 
90 


Iff? 


Thr 


Ser 


Ala Glu Trp 
95 


Trp 


Asn 


Lys 


Aan 
100 


Leu 


Tyr 


Pro 


Leu 


lie 
105 


lie 


Lys 


Ser 


Ala 


Asn Asp lie 
110 


Ala 


Ser 


SI 


Gly 


*he 


Lys 


val 


Ala 
120 


Gly 


Asp 


Pro 


ser 


lie 
125 


Lys Lys Asp 


<MLy 




Phe 


Lys 


Lys 


Leu 


Gin 
135 


Asp 


GlU 


Leu 


Asp 


Asn 
140 


Ile 


Val Asp Asn 


Asn 
145 


ser 


Aflp 


Asp 


Asp 


Ala 
150 


lie 


Ala 


Lys 


Ala 


Ile 
15S 


Lys 


Asp 


Phe Lys Ala 
160 


Arg 


Cys 


Gly 


He 


Leu 
165 


lie 


Lys 


Glu 


Ala 


Lys 
170 


Gin 


Tyr 


GlU 


Glu Ala Ala 

175 


Lys 


Asn 


He 


val 


Thr 


ser 


Leu 


Afip 


Gin 


Phe 


Leu 


His 


Gly 


Asp Gin Lys 
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180 








185 


190 


Lys 


Leu 


Glu 
195 


Gly 


Val 


Zl 


Asn 


He Gin Lys Arg 
200 


Leu Lys Glu Val Gin 
205 


Thr 


Ala 

210 


Leu 


Asn 


Gin 


Ala 


Bis 
215 


Gly Glu Ser Ser 


Pro Ala Bis Lys Glu 
220 


Leu 
225 


Leu 


GlU 


Lys 


Val 


Lys 
230 


Asn 


Leu Lys Thr Thr 
235 


Leu Glu Arg Thr lie 
240 


Lys 


Ala 


GlU 


Gla 


Asp 
245 


Leu 


GlU 


Lys Lys Val Glu 
250 


Tyr ser Phe Leu Leu 
255 


Gly 


Pro 


Leu 


Leu 
260 


oly 


Phe 


Val 


Val T^r Glu lie 


Leu Glu Asn Thr Ala 


Val 


Gin 


His 

275 


lie 


Lys 


Asn 


Gin 


He Asp Glu He 
280 


Lys Lgs Gin Leu Asp 


Ser 


Ala 

290 


Gin 


His 


Asp 


Leu 


Asp 
295 


Arg Asp Val Lys 


He He Gly Met Leu 
300 


tst 


Ser 


lie 


Asn 


Thr 


US 


lie 


Asp Asn Leu T£T 


Ser Gin Gly Gin Glu 

320 


Ala 


lie 


Lys 


Val 


Phe 
325 


Gin 


Lys 


Leu Gin Gly He 

330 


Trp Ala Thr lie Gly 


Ala 


Gin 


lie 


Glu 
340 

Ala 


Asn 


Leu 


Arg 


Thr Thr Ser Leu 
345 


Gin Glu Val Gin Asp 


ser 


Asp 


355 


Asp 


Glu 


He 


Gin He Glu Leu 


Glu Asp Ala ser Asp 
365 


Ala 


Trp 
370 


Leu 


Val 


Val 


Ala 


Gin 
375 


Glu Ala Arg Asp 


Phe Thr Leu Asn Ala 
380 


Tyr 
3B5 


Ser 


Thr 


Asn 


Ser 


Arg 
390 


Gin 


Asn Leu Pro He 
395 


Asn Val He Ser AS£ 


Ser 


cys 


Asn 


cys 


Ser 
405 


Thr 


Thr 


Asn Met Thr ser 
410 


Asn Gin Tyr ser Asn 
415 


Pro 


Thr 


Thr 


Aan 
420 


net: 


Thr 


Ser 


Asn Gin Tyr Met 
425 


He Ser Bis Glu Tyr 
430 


Thr 


ser 


Leu 
435 


Pro 


Asn 


Asn 


Phe 


Met Leu Ser Arg 
440 


Asn ser Asn Leu Glu 
445 


Tyr 


Lys 
450 


cys 


pro 


GlU 


Asn 


Asn 
455 


Phe Met He Tyr 


Tro Tyr Asn Asn Ser 


ASP 
465 


Trp 


Tyr 


Asn 


Asn 


Ser 
470 


Asp 


Trp Tyr Asn Asn 





(2) INFORMATION FOR SEQ ZD HOt7t 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTHS 53 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPEt DNA (genomic) 
(Vil ORIGINAL SOURCES 

(A) organisms Bacillus thuringienois 

(B) STRAINS P886A1 

(Xi) SEQUENCE DESCRIPTION* SEQ ID NOs7s 
ATGATTGATT CTAAAACAAC ATTACCA&GA CATTCWTTAA TWCATACWAT WAA 53 
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1 L AlB ethodfcrawm>Il^^ 

2 ^pesttwifcaninsecMa^^ 



Mmattf^ PS43F. At HKioilt PS86A1, and variants thereot 
! 2.Tl«.i>etIiod,acc«m^« 
x 3.Tl*nmthod,accoidn^^ 
! 4. Tte method, aoanling m 

\ 5. Ttoma^accoid!^ 

2 (PhiteOa xylosteM). 

! & "He method, according to claim I» which, comprises applying an. insecticidai 

2 composition comprfsingi^^ 

, 7. Ttonwitod.naaHifcgto claim 



1 ». 

2 form* 



Tnemethod, according to ciaim^wberemsaM insect 



memod, according to claim 6, ^herem saidmsecti^ 



1 9. The 

2 when com or soybean seed is planted. 



; e nvir o nm ent of a target pest. 



1 

2 

! U. Ainethodtocontrollingl^ 

4 gene encodes a to^actiwagaiiBtJepidopteran pests. 

! 12. Tnemethod,accordmgi»cfato^^^ 

2 ID NO. 1 or a portion thereof which encodes a lepldoptcran-active toxin. 
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1 13. The method, according to claim 11, wtoerein said gene comprises the DNA of SEQ 

2 ID NO. 3 or a portion thereof which encodes a tepidopteran-active toxia 

1 14, The method, according to claim 11, wherein said gene comprises the DNA of SEQ 

2 ID NO. 5 or a portion thereof which encodes a lepidopteraii-*ctive toxin. 

1 15. A method for controlling lepidopteran insects which comprises administering to said 

2 insects or to the environment of said insects a microorganism transformed by a gene obtainable 

3 from a BadOus thurmgwwis isolate selected from the group consisting of Rt PS43F, At PS50C 

4 and At PS86A1, and variants thereof, wherein said gene encodes a toxin active against 

5 lepidopteran pests. 

1 i& Hie method, according to claim 15, wherein said gene comprises the DNA of SEQ 

2 ID NO. 1 or a portion thereof which encodes a kpidopteran-active toxin. 

1 17. The method, according to claim 15, wherein said gene comprises the DNA of SEQ 

2 ID NO. 3 or a portion thereof which encodes a lepidopteran-active toxin. 

1 18. Hie method, according to claim 15, wherein said gene comprises the DNA of SEQ 

2 ID NO. 5 or a portion thereof which encodes a lepidopteran^active toxin. 

1 19. The method, according to claim 15, wherein said microorganism is zPseudonwnas. 



1 
2 



2a Hie method, according to claim 15, wherein said transformed microorganism is 
treated to prolong its pestiddal activity in the environment of a target pest 
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